Measurement of cerebral blood flow (CBF) and computed tomography (CT) cisternography were per formed in 37 patients with a tentative diagnosis of normal pressure hydrocephalus (NPH) to predict their surgical outcome. The mean CBF of the whole brain was measured quantitatively by single photon emission computed tomography with technetium-99m-hexamethylpropylene amine oxime before sur gery. The results of CT cisternography were classified into four patterns: type I, no ventricular stasis at 24 hours; type II, no ventricular stasis with delayed clearance of cerebral blush; type III, persistent ventricular stasis with prominent cerebral blush; type IV, persistent ventricular stasis with dimin ished cerebral blush and/or asymmetrical filling of the sylvian fissures. The mean CBF was sig nificantly lower than that of age-matched controls (p &lt; 0.005). Patients with a favorable outcome had a significantly higher mean CBF than patients with an unfavorable outcome (p &lt; 0.005). Patients with the type I pattern did not respond to shunting. Some patients with type II and III patterns responded to shunting but improvement was unsatisfactory.
Introduction
Normal pressure hydrocephalus (NPH) is character ized by progressive dementia, gait disturbances, and urinary incontinence in patients with ventricular enlargement but normal intracranial pressure.') Oc casionally, treatment by cerebrospinal fluid (CSF) shunting will result in a hopelessly bedridden and demented patient being able to return to a normal life. However, the diagnosis of NPH as a major contributing cause of dementia may be obscure in patients with dementia of mixed etiology, for exam ple, NPH associated with multi-infarct dementia or senile dementia of the Alzheimer type. Surgical treatment can only be expected to alleviate the symptoms caused by the NPH syndrome without improving the underlying pathology. Therefore, it is difficult not only to select patients who are likely to respond to shunting but also to predict their surgical outcome.
The present study evaluated cerebral blood flow (CBF) measurement using technetium-99m-hex amethylpropylene amine oxime single photon emis sion computed tomography (99mTc-HMPAO SPECT) and computed tomography (CT) cisternography as predictors of clinical outcome in patients with NPH who underwent shunting procedures.
Materials and Methods
Thirty-seven patients who underwent shunting procedures and CBF measurements were included in the present study. All patients, 18 males and 19 females aged 42-82 years (mean 66.6 years), were admitted to our hospital under a tentative diagnosis of NPH between June 1993 and July 1998. Their symptoms consisted of at least one of the triad of progressive dementia, gait disturbance, and urinary incontinence. The etiology of NPH was subarachnoid hemorrhage in 14 patients, trauma in 10, intraparenchymal hemorrhage in three, postsur gical removal of brain tumor in one, and idiopathic in nine. CT showed an enlarged ventricular system in all patients with or without cortical atrophy. Patients were selected for shunting based on their clinical history and/or the findings of ventricular reflux with diminished convexity flow or delayed clearance of cerebral blush on CT cisternograms.
Shunting was performed using ven triculoperitoneal or lumboperitoneal shunt systems with differential or programmable pressure valves. A high or medium pressure system is selected if the patient is expected to be able to walk. If the patient is expected to remain bedridden, a low or medium pressure system is used. If symptoms did not im prove and shunt dysfunction was suspected, the shunt patency was checked by shuntography. Un derdrainage or overdrainage of CSF sometimes oc curred and the shunt was revised to another type with a different pressure.
Recently, the lum boperitoneal shunt system with the Codman-Medos programmable valve (Codman, a Johnson & Johnson Co., Raynham, Mass., U.S.A.) has been used. The initial opening pressures were chosen principally according to the CSF pressure measured by lumbar puncture, with the patient in the lateral recumbent position. If symptoms or complications due to over drainage of CSF appeared, such as headache and vomiting, or subdural effusion, the pressure of the valve was increased. If underdrainage of CSF was suspected, the pressure of the valve was lowered slowly. Three patients developed a slight asympto matic subdural effusion, which resolved after in creasing the valve pressure.
The mean CBF of the whole brain was measured 1-2 weeks before shunting. Informed consent was obtained from the patients or their families before the study. Mean CBF was measured by the Patlak plot method using 99mTc-HMPAO SPECT.2,12) Fol lowing bolus injection of 740 MBq of 99mTc-HMPAO (Ceretec; Nycomed Amersham plc, Amersham, U.K.) into the right brachial vein, the passage through the heart to the brain was monitored using a rotating scanner (Starcam 400 AC/T; General Electrics, Milwaukee, Wis., U.S.A.) with a sequence of 70 frames taken at 1 second intervals in a 128 X 128 format. The mean hemispheric CBF was calcu lated from the hemispheric brain perfusion index (BPI) using the linear regression equation, y = 2.75x + 17.7, between the BPI and 133Xe-CBF mea surements obtained from the early image method. The mean CBF of the whole brain was determined from the mean CBF of both hemispheres.
CT cisternography was performed with the patient in the lateral recumbent position. A lumbar punc ture was made using a 21 gauge spinal needle, and 6-8 cm' of iohexol (180 mgI/ml) was introduced in trathecally. The spinal needle was then removed, and the patient turned into the supine position. Af ter one hour rest, the patient's physical activities were unrestricted. CT scans were obtained after 3, 6, 24, and 48 hours. The results of CT cisternography were classified into four patterns4) with some modifications (Table 1) . Table 2 shows the clinical outcome and results of CBF measurements in the 37 patients. Patients with an excellent outcome had a significantly higher mean CBF than those with a good outcome (p < 0.05), and patients with a good outcome had a sig nificantly higher mean CBF than those with a fair outcome (p < 0.01). There was no significant difference in mean CBF between patients with fair and poor outcomes. Patients in each group showed significant reduction in mean CBF compared to age-matched controls (p < 0.005). The 20 patients with favorable improvement had significantly higher mean CBF (38.8&plusmn;± 4.6 ml/100 g/min) than the 17 patients with unfavorable improvement (31.7 &plusmn; 3.2 ml/100 g/min) (p < 0.005).
Three patients classified as type I all had poor outcomes. Four patients classified as type II had poor (1 patient) and fair (3) outcomes. Three patients classified as type III had poor (1 patient), fair (1), and good (1) outcomes. Twenty-seven patients classified as type IV had poor (1 patient), fair (7), good (8), and excellent (11) outcomes. Figure 1 shows the relationship between CT cisternography pattern, mean CBF, and clinical outcome. Three patients with the type I pattern had a low mean CBF (30.4 &plusmn; 2.6 ml/100 g/min) and resulted in a poor outcome. Four patients with the type II pattern also had a low mean CBF (33.0 &plusmn; 2.4 ml/100 g/min). Three patients with the type III pat terns showed no correlation between the mean CBF and outcome. Among the 27 patients with the type IV pattern, the 19 patients with excellent or good outcomes had significantly higher (p < 0.005) mean CBF (39.1 &plusmn; 4.5 ml/100 g/min) than the eight patients with fair or poor outcomes (30.3 &plusmn; 2.6 ml/ 100 g/min). Seventeen of the 18 patients with the type IV pattern and a mean CBF of 35 ml/100 g/min or over had a favorable outcome, whereas seven of nine patients with the type IV pattern and a mean CBF of less than 35 ml/100 g/min had an unfavor able outcome. 
